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Abstract 
Soil erosion by water is one of the biggest problems in agriculturalland use and 
management because it affects soilloss as well as on- and off-site damages. 
The ImpelERO model was used to develop an approach physically valid for a 
large spatial unit and to predict the water erosion depending on soil type and its 
management. This model is a prediction tool for water erosion and for selecting 
appropriate management practices. The spatialization of the results was done 
wilh the help of soil attribute databases and GIS-based maps. 
The present work was carried out as a part of the SIDASS EU project 
(spatially distributed simulation model predicting the dynamics of agro-physical 
soil state within Eastern and Western European countries for the selection of 
management practices to prevent soil erosion). Data on climate (taken from the 
on-site meteorological station), data on soil properties and on soil management 
were needed for the modelling. AIso, a soil map (scale 1:2.000) of lhe reference 
area, a 42ha experimental farm in the Sevilla province (Spain) was used. In this 
area, tbree typical types of soils for the Mediterranean region (Aquic 
Haploxerept, Typic Calcixerept and Typic Xerocbrept; USDA, 1987-98) were 
chosen to measure physical and chemical properties as well as runoff and soil 
loss. Two different management treatments (traditional and conservation tillage) 
were selected as representative for olive orchards in the reference area. The 
traditional tillage method consists mainly in using mouldboard ploughing and 
cultivation implements; whereas, lhe conservation tillage is characterised by not 
using mouldboard ploughing, by reducing lhe number of tillage operations and 
leaving the crop residues on the surface as mulch. The cover crop used in the 
conservation plot is Triticale (crossing between Triticum and Secale). 
According to the validation analysis, ImpelERO performs well in predicting 
the effects of management on sediment yield. AIso, the spatialization tool 
(DEM) used appears to improve soil eros ion prediction from The ImpelERO 
model. 
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Introduction 
Soil erosion by water is one of the biggest problems in agriculturalland use and 
management because it affects soilloss as well as on- and off-site damages. 
In the Mediterranean environment formative erosional and runoff events are 
sporadic, intense and infrequent. They are difficult to study, their effects difficult 
to anticipate and the impact of vegetational and climatic change, whether natural 
or human-induced, difficult to predict. For these reasons, modelling has the 
possibility to evaluate different alternatives for preserving a soil and to design 
the most adequate for each particular condition. 
The SIDASS project "A spatially-distributed simulation model predicting the 
dynamics of agro-physical soil state within Eastern and Western Europe 
countries for the selection of management practices to prevent soil erosion" is 
able to forecast the effects of soil mechanical processes on soil erosion, and it 
may be also used to couple !he effects of hydraulic and mechanical properties on 
soil erosion processes (Horn et al., 1998). 
Within the SIDASS project, the modelling part of the soil erosion makes 
special reference to the influence of soil type and crop management. The major 
soil erosion parameters: interrill erodibility, rill erodibility and rill critical shear, 
by using WEPP technology and including new components specially referred to 
soil compaction and soil workability. The use of soil data available in standard 
soil surveys was also a main objective. Soil water erosion is considered in 
SIDASS on an event-driven base like in WEPP model. Rill erodibility and rill 
critical shear measure soil eros ion due to the erosive forces of water flowing in 
rills. Interrill erodibility represents the soil erodibility due to raindrop impact 
and sheet flow (De la Rosa et al., 200 la). 
ImpelERO model using expert decision trees and artificial neural network, 
with the objective of relating soil erosion vulnerability to biophysical factors and 
agricultural management practices. ImpelERO was developed for selecting the 
land use and management practices, which satisfy optimum environmental 
protection including of soilloss (De la Rosa et al., 1999; 2000). 
The objectives of this work are: use and validation of the ImpelERO model to 
develop an approach physically valid for a larger spatial unit and to predict the 
water erosion depending on soil type and its management improving soil erosion 
prediction according to DEM resolution and available pedological data. 
Methodology 
Study site 
The experimental area was located at Coria del Rio (farm "La Hampa" of the 
Instituto de Recursos Naturales y Agrobiología de Sevilla, IRNAS-CSIC), in the 
southeast of Sevilla Province, Spain (N 37° 16'59", W 06 °04'03"). The climate 
of the area is Mediterranean, with an average annual temperature of about 18°C 
and mean annual rainfall of 500 mm. Rainfall distribution through the year is 
very irregular and the most rainfall occurs between October and April. Five 
types of soils were described on the total area of 42 ha (Figure 1). The actual 
vegetation of the area of the study is olive orchard, coUon and sunflower. 
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Fig. 1: Experimental area "La Hampa" with situation ofthefive soil types and 
microplat's lacatian. 
Three types of soil (Typic Xerochrept, Aquic Haploxerept and Typic Calci-
xerept; USDA, 1987-98) and two different management treatments (traditional 
and conservation tillage treatments) were selected as representative for olive 
orchards in the Andalucia Region. The traditional tillage method consists mainly 
in using mouldboard ploughing, and the conservation tillage (growing cover 
crop) is characterised by not using mouldboard ploughing, by reducing the 
number of tillage operations and by using the cover crop residues as mulch 
(Moreno et al., 2000). 
Experimental design and methods 
From October 2000 to October 2001 measurements of soil erosion were meas-
ured from test plots. Each test plot has a size of 8 m2 (lm width, 8m length) and 
is arranged along the parallel to the longitudinal axis of the slope. Each plot was 
bordered by sheet-metal driven about 50 mm into the ground. Three replications 
were used under each soil type, and only the Xerochrept soil field has undergone 
botb treatments (traditional and conservation). The test plot used to determine 
runoff and soilloss was laid out according to Seiler (1980). Twelve plots were 
10cated fairway (7x7m without effect of tree canopy) with a slope that can vary 
between 5 and 7 % in a homogeneous area (Xerochrept in both treatments have 
6, Calcixerept 5 and Haploxerept 7%). Surface runoff and total sediments were 
intercepted at the lower end of tbe plot and routed to a storage tank (capacity 250 
litres). 
Sampling of sediments from the tanks was carried out after tborough stirring. 
Three aliquots of 0,5 litre were taken from different deptbs. Sediment 
concentration was taken to be the average of these. Runoff was calculated from 
tbe water accumulated in the tank, measured manually within 24 hours of each 
storm. From these experimental plots were obtained total sediment yield data for 
one year 2000-2001 in tlha/y. 
Rainfall and the other elimatic parameters were obtained from the weather 
station located at tbe experimental farm. 
The annual crop used in the conservation plot was Triticale (crossing 
between Triticum and Secale. A manual mixture of seeds was applied at 300 
kg/ha to the treated plots with conservation management (150 kg/ha of Triticum 
and 150 Kg/ha of Secale). 
The soil and management characterisation data on benchmark sites were 
ellaborated and compiled according to SDBm Plus: Soil Profile Database (De la 
Rosa et al., 2001b) and MDBm: Agricultural Management Database. Physical-
chemical measurements in the soil were determined according to metadata in 
SDBm Plus at four profiles of this farm and these determinations were the input 
ofthe ImpelERO model. 
ImpelERO model 
On basic information from Andalucia region, southern Spain, ImpelERO model 
was developed as an USLE-type model, but using a hybrid approach of expert 
decision trees and artificial neural networks to evaluate tbe soil erosion process. 
The physical input variables correspond to soil data available in standard soil 
surveys and elimate month1y data. The main components of ImpelERO are: 
runoff erosivity, relief hazard, soil erodibility, crop protection, tillage transloca-
tion and productivity influence. The soil variables considered are referred to soil 
infiltration, cracking and mulching effects and aggregate stability. The crop 
protection and soil tillage effects are expressed in terms of row spacing, residue 
treatment, random roughness and workability consideration. The results of 
ImpelERO correspond to average annual values of soil los s during long-term 
period of weather (De la Rosa et al., 1999; 2000) 
The ImpelERO model ineludes land and management qualities and their 
associated land and management characteristics grouped in subqualities. This 
model was partly constructed according to the criteria ofthe FAO-framework for 
land evaluation (FAO, 1976), although characteristics and qualities were con-
sidered in an environmental sense. AIso, as with the land qualities and the assoc-
iated land characteristics, the management qualities and associated management 
characteristics are also considered. The characteristic values, elasses for the 
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qualitative variables and ranges for tbe quantitative variables, are grouped into 
different generalisation levels; and tbe quality values correspond to four classes 
or severity levels: 1: low, 2: moderate, 3: high and 4: very high, in order to 
continue the land evaluation procedure. 
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Fig. 2: Pa/hway of a decisioll tree eOllstrueted for the managemellt quality: erop 
protee/ion in [mpelERO model. From the generalisation levels of the input 
eharaeteristies, the pa/h is followed untU a severity level (le=low to 4e=very high) is 
encountered. Into box there are decision crÍlerion: land/management characteristic. 
[talie words correspond fa generalisation leve!. 
To obtain a clear expression of the matching process, the land evaluation 
procedure is based on decision trees ratber than conversion tables. Decision trees 
are hierarchical multiway keys in which the leaves are choices (classes/ranges) 
such as characteristic generalisation levels, and the interior nodes of tbe tree are 
decision criteria such as quality severity levels. These visualise tbe sequence of 
decisions being made in a clearer way than traditional matching tables. For 
example, Figure 2 represents a section of the corresponding decision tree for the 
initially formulated rating of management characteristics associated with the 
Set aside fam 
management quality: crop protection. In the same way, and for all the land and 
management qualities, the quality severity levels are associated with the 
characteristic generalisation levels through six decision trees. A neural network 
submodel was developed (Figure 3) to predict lhe actual field vulnerability index 
from the three land qualities: runoff erosivity, slope aspect, and soil erodibility; 
and from the three management qualities: crop protection, tillage translocation, 
and productivity influence . 
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Fig. 3: Structure of the correlation-cascade neural network developed in ImpelERO 
model; showing the interrelationships between the land and management qualities: 
LQr=runoff erasivity, LQt=relief hazard, LQk=soi! erobility, MQc=crap pratection, 
MQz=tillage translocation and Mqy=productivity influence, to reproduce vulnerability 
index (Vi). 
Along wilh the prediction of soil loss by water erosion, ImpelERO can be used 
as an optimisation tool for selecting the agricultural land use and management 
practices, which satisfy the optimum soil protection. A computerised process of 
neural-network-based search and of decision trees backtracking is followed to 
accornrnodate the management practices to a percent of soil erosion reduction. 
Presently, the ImpelERO model is being implemented on a Linux pe with 
Apache WWW server so that one can applied this system via a web browser. 
Spatialization tool 
A mapped reference area uses information provided by a prior soil survey of a 
reference area and including the main soil cJasses (Figure 1) and simple soil 
observations over the mapping region. A DEM (digital elevation model) of "La 
Hampa" was constructed at 1m resolution by interpolation from spot heights and 
digitised contours with a 1m interval of the 1/2.000 topographic map (ICA, E-2 
1002/8-6 and E-2 1002/8-7 cards, 1994). The spatial data (geographically 
referenced) were digitised from contour lines on screen with 3 D Analyst unit of 
SIG Arcview 3.1 (ESRI, 1997). The pedological sites and experimental plots 
were also incJuded in tbis spatialization analysis. 
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Fig. 4: Observated vs. Predicted sediment yieid ([rom lmpe/ERO model). KEEa=Aquic 
Hapioxerept, KEBt=Typic Caicixerept, lOXt=Typic Xerochrept. 
Results 
The ImpelERO model was tested and validated. When the predicted values of 
yield sediment were plotted against the observed values (Figure 4), it became 
apparent that the regression line is aboye the line of perfect agreement for the 
slope. The regression coefficient of the line fitted for these data was bigh 
(r2=0.826, p<O.OOI, n=12). The prediction performance ofthe model was good. 
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Fig. 5: Slope-related erosion risk map generated by using the spatialization tool DEM to 
extrapolate the results of ImpelERO application in the experimentalfarm "La Hampa". 
Following the spatialization analysis, the data in Figure 5 shows the erosion risk 
map from ImpelERO model taking into account the soil type and the slope from 
DEM, in this figure high intensities of colour inside erosion risk classes means 
increases in erosion risk owing to slope factor. Typic Xerofluvent has the lowest 
value, which corresponds with the lowest slope and Aquic Haploxerept the 
highest. Intermediate values correspond to Xerochrept typic, Calcixerept typic 
and Rhodoxeralf calcic. Calcixerept typic and Rhodoxeralf calcic have the same 
value range (from 0.8 to 0.9 t/ha/y). In the Xerochrept typic two values can be 
observed, one corresponds to traditional management of this soil (the highest), 
and the other corresponds to conservation management of this soil (the lowest). 
In surnmary, DEM is a good tool in arder to improve the limits of the classes of 
erosion risk. 
ConcIuding remarks 
A ealibrated version of ImpelERO was tested with data from "La Hampa" and 
was shown to be eapable of predicting soil water eros ion. ImpelERO ean be 
validated by eomparison with real-world spatial data. Likewise, ImpelERO 
performs welI in predieting the effeets of management on sediment yield. 
The spatialization tool (DEM) improvES soi! erosion prediction from The 
ImpelERO model. 
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